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ABSTRACT

The present investigation was carried out under insect free cage. A
diallel crossing system excluding reciprocal invelving five parents of faba bean
was studied to estimate different sources of genetic variability and other
parameters for seed yield and its components. Mean heterosis values relative to
their respective mid and better parents were significantly positive in several
crosses for all characters under studied. The highest heterosis values of F; based
on mid parent means for date of flowering, plant height, height of first pod,
number of branches, pods, seeds, seed weight/plant, seed index and number of
seeds/pod were 12.81 %, 13.62 %, 20.69 %, 60.49 %, 70.82 %, 69.96 %, 71.94 %,
10.18 % and 18.88 % respectively. Furthermore the some F, gave more date of
flowering, plant height, height of first pod, number of branches, pods, seeds, seed
weight/plant, seed index and number of seeds/pod than the highest parents for
same characters. The increased seed yield in F; hybrids seems to be due to the
high manifestation of hybrid vigor in the yield components. The variances of
general combining ability were smailer than those for specific combining ability
Jor all characters studied except seed index and number of seeds/pod which
suggested that the major portion of the genetic variance in the base populations
was non-additive in nature. It is interesting to report that the parent which was
high general combiner for pods and seeds/plant was aiso high combiner for seed
weight/plant. The superior combinations involved one positive general combiner
or one positive and other negative combiner or one negative combiner. The best
three crosses of seed yield were Plx P4, P2x P3 and P2x P4,
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INTRODUCTION

Faba bean (Vicia faba 1.} is an important legume crop in Egypt. It
can be exploited both as subsistence and as a commercial crop in many
different ways. Improvement of earliness and high yield potential are the
primary objectives of faba bean breeding programs. An understanding of the
fundamental nature of the actions and interactions of genes involved in the
inheritance of quantitative characters is very helpful to plant breeders in
their evaluation of various selection and breeding procedures. The breeding
system needs to be fitted to the type of gene action to maximize the result of
improvement. The diailel analysis is a method used to identify those parents
(and hybrids) that have superior combinations of the characters of interest as



well as to gain a better understanding of the nature of gene action involved
in controlling quantitative characters. Heterosis results from the combined
action and interaction of allelic and interallelic genes. The estimation of the
additive and dominance components of genetic vaniance is very important in
evaluating the potential of any heterotic response. Combining ability
analysis helps the breeder to identify the best combiners which may be
hybridized either to exploit heterosis or to build up the favorable fixable
genes. In self-fertilized crops where commercial exploitation of heterosis is
not feasible, the breeder will primarily be interested in higher magnitude of
additive genetic variance for establishing superior genotypes. Several
authors found the significance of both general and specific combining
ability effects for important agronomic traits, yield and its components (El-
Hady er al 1997, 1998; Abdalla ez al 1999, 2001, El-Hosary 1983 a, band
Mansour et al 2001).

The main objectives of this investigation were to determine the
magnitude of heterosis and understanding the nature of gene action and
relative magnitude of combining ability influencing number of days to
flowering and maturity as weil as seed yield and major yield attributes.

MATERIALS AND METHODS

The work was conducted at Gemmiza Agricultural Research Station
. ARC , Egypt during the two successive seasons of 2002 / 2003 and 2003/
2004 under insect free cage. Five genotypes of faba bean of divers origin
were used as parental lines. The common names and origin are presented in
Table 1.

Table 1. Some characteristics of the five parental genotypes.

Genotype flowering | Seed size | Pedigree

Nubaria 1 (P1) | Late Large | Selection from Spanish Genotype (Reina
Blanca)

Triple white(P2) | Early Medipm | Introdoced from Sudan

Giza3 (P3) | Early Medinm | Cross (Giza 1 X Dutch introduction 29)

Giza716 (P4) | Early Medium | 461/842/83 X 503/ 453/ 83

Misr 2 (PS) | Early Medium | Selection from Yousefl El - Seddeek.

Diallel crosses among the parents, excluding reciprocals, were made.
In the second season the five parents and their 10 possible F, hybrids were
grown in a randomized complete block design with three replications under
insect free cage. Each entry was represented by a single — row plot 3 m long
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with 60 cm between rows. Seeds were spaced 20 cm apart with one seed /
hill. The recommended cultural practices for faba bean production were
adopted throughout the growing season. At harvest, 10 competitive plants
were randomly sampled from each plot to provide measurements for date of
50 % flowering, date of maturity, plant height, height of first pod, number of
branches per plant, number of pods, seeds per piant, seed yield per plant,
seed index, and number of seeds per pod.

The data were statistically analyzed on the mean plot bases
according to Method I Model I of Griffing (1956). Heterosis was
determined as the percentage increase of F, over the mid parents and the
better parents as follows:

Mid - parent(MP) heterosis = F%[P X 100
Better parent(BP) heterosis = Fll;l? P X 100
RESULTS AND DISCUSSION

Significance of variance and mean performance

Mean squares of genotypes (general and specific combining ability)
revealed highly significant differences among genotypes for all characters,
which indicated wide variability (Table 2). The mean performance of the
five parents and their 10 F; crosses are given in Table (3). Nubaria 1 plants
beard the lowest number of pods and seeds with heaviest seed weight, 100
seed weight and intermediate height. It had high first pod and branches.
However the genotype Giza 3 possessed short somewhat early flowering,
maturity, the highest number of seeds and first pod, whereas the genotype
Triple white exhibited lowest number of'branches, number of seeds, seed
weight and seed index.

Table 2. Significance of mean squares doe to gemoiypes , gemeral (GCA) and specific (SCA) combining
ability and GCA / SCA ratio for the charscter measured.

Genotypes GCA SCA Eryror
Characters df 70 3 15 GCA/SCA 0
Date of 50 % flowering 67,009 44, 194** 10.203~* 4332 2.052
Date of matmrity 36451~ 13.703** 12.816** L0 1.988
Plant helght, cm 16831+ 74.441* 54,186 1.374 18.812
Height of first pod, cm 62,190 * 32.029%* 18.011** 1.778 4.151
No.of branches/Plant 1,999+ 0.796** 0683+~ 1.165 0.131
No.of pods/ plant 150,73 27973 65.724* 0426 23.151
No.of seeds/Plant 761.09%* 47.8502 373.53> 0.127 53.073
Seed weight/ plant, g 303.282»+ 73087+ 124,758+ 0.58¢ 16.777
Seed index, g 1568774 103.669* 35268 2.938 11.201
No.of seeds/Tod 0,171 0.114** 0.0408 2.794 0.0275

", ** Significant xt 0.05 and 0.07 levels of probability, Tespectively.
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Table 3. Mean performance of parents and F1°s generation for yield and its components in faha bean.

Genotype Date of 50 % Date of Plant height, Height of No.of No,of No.ofseeds/ | Seed weight! | Seed index, g No.of
flowering maturity cm first pod, cm_ | branches/plant | pods/ plant plant plant, g seeda/pod

P1 Nubaria L 66.0 1540 1003 350 51 21.7 55.07 50.15 9900 2.56
P2T.W. £1.67 1570 10438 29.0 23 28.6 62.08 1M 61.43 221

PIGixsd 49.67 1563 1114 4.7 31 269 70.23 45,56 66.1 262

P4 Gizn 716 51.67 1613 1143 307 4.1 215 64.20 3.9 68.4% 3

PS5 Misr 2 52.0 160.0 1097 33.3 39 364 6153 4577 1323 1.95
P1X P2 54.33 156.0 110.5 233 34 @3 81.07 0.0 54,95 219
PIXP3 e 1537 98.7 2.0 38 323 8597 62,68 T2.51 1,69
PIXP4 61.33 163.7 1158 324 54 41.7 96.67 6191 7084 232

P1XPS 56.33 1610 W68 29.9 4.1 49.6 99.93 .79 684.79 2.14
P2XP3 49.67 1557 1093 224 4.3 314 950 £9.19 a3 2.55
PIXP4 61.67 160.0 106.7 257 51 40,0 10593 65.62 652.43 1.65
P2XP3 569 164.0 1219 158 4.5 352 87.17 43.77 63.91 2.48
P3XP4 2833 164.3 1283 180 4.6 38 7543 5596 74.14 237
PIXP5 51.0 1623 1283 3se it 36.7 66.93 42.67 £63.97 2.18
P4dXp¥ 2533 1593 1143 M7 A 311 71.67 46.96 65.69 1.3
Parestal mean 554 159.7 iga.0 309 3.69 281 62.81 43.5% 71.86 233
Crverall Fy mean 56.20 160.0 1132 7.5 4.27 36 87.18 57.36 46.56 2.3%
CV.% 4.84 153 4.74 123 153 242 15.96 13.45 8.48 12.3
LS8.D, 0.8 419 4084 12,56 590 105 139 2118 11.86 9.69 0.48
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The cross between P1xP2, P1x P3, P1xP4, P1xP5, P2xP3 and P2xP4
possessed the highest values of plant seed weight (59.02, 62.68 , 67.91 ,
64.79 , 59.19 and 65.62 g respectively). Four crosses P2xPS5, P3xP4
P3xP5 and P4xP5 were early flowering (56, 58.3, 57 and 56.3 days
respectively) , moderate of maturity. The cross P1xP4 gave the highest
values of branches (5.4) and piant seed yield (67.91 g). Generally the mean
of plant height, first pod, branches , pods , seeds and seed weight/plant for
all crosses were 113.2, 27.5, 4.27, 37.6, 87.18 and 57.36 g respectively
greater than the overall parental means.

Heterosis

Estimates of heterosis percentages over both mid parents and better
parents are presented in Table (4). Number of days to 50% flowering
showed significant deviation in sevencrosses1,2,4,6,7,8 and 9 from
mid parents varying from —11.82 % to 12.81 % but being only positive in
crosses 6, 7, 8 and 9. However, significant positive heterosis was present in
crosses 1, 3,4, 6,7, 8 9and 10 over the better parents. For number of days
to maturity the cross 2 exhibited significant negative heterosis over mid
parent , on the other hand two crosses 7 and 8 showed a significant positive
heterosis over better parents. Similar results was obtained for these two
characters by El Hosary (1983b), Abo-El- Zahab eraf(1984), El- Lithy
(1996), Mansour ef al (2001) and Rabie (2001).

Plant height for two crosses 7 and 8 had significant positive heterosis
over mid parents. For height of first pod all the crosses except cross 9
exhibited significant decrease over mid and better parents, the heterosis
values over mid parent ranged from ~ 28.41 % to 20.69 % and ranged from
—~19.77 % to 41.89 % over better parents.

For number of branches crosses exhibited highly significant
heterotic increases or decreases relative to mid and better parents. The
values ranged from —7.32 % to 60.49 % over mid parents and ranged from —
33.12 % to 41.29% over better parents. These results is in agreement with
those obtained by Khalil (1969), Nassib (1982) , Abdalla ez a/ (1999, 2001}
and Attia et al (2002).

Heterosis for complex trait like yield is simply the consequence of
multiplicative relationships at the phenotypic level between its components
(Melchinger et al 1994). F, hybrids showed marked heterosis for pod and
seed production as reported by Abdalla and Fischbeck (1983). Moreover,
various cross-combinations exhibited different degrees of F; superiority in
various traits based on the genes in parental combinations that may
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Table 4. Expression of heterosis in ¥, over mid and better parents in percentage for studied characters.

Crom Dateof 6% |  Dateof Plant mf el | Noofpods | Noofseedsi wff::ﬂ Seed index, | No.of secdw
flowering maturity height, cm m plant plant . [ pod
PIXPI() [ MP | .6+ 250 7708 FeA | B3 | GLI5er | 4814 | 342 | 4z | B04s-
B 5161+ 064 5407 4977w | anqzee | 43Bee | 4036%% | 1769 | 27885+ | 1421
PIXP3 (2) MP | 11824 406¢ 6625 2147 | 2307 | 3300% | 37220 | 3097 a1 T
BP 2.685 1706 a1 081 | 2897+ | 2022 240+ 2498+ | 1945+ | 293
PIXPA(3) M.P 0509 0.62 7.919 4335 1739 | §088ev | €210** | 5236 | Ale4*s | 48Ewe
BP 6358 4+ 148 1312 2211 $196° | S194ex | sos7es | 384ter | 2221+ | 913
PIXPS (4) MP | 4520+ 062 3587 4368+ | Blasve | 7082+ [ 6996+ | 3809+ | 20624 | 4985
B.P 8333 ** 0.6 0821 10204 | 4948+ | 3630+ | 5981+ | 2919 | 2803+% | -1617s+
PIXF3 (5) M.P 1974 064 1328 16520 | 6D49er | 3633er | 4365+ | 4281es 089 550+
BP 0.00 0426 LS 919+ | 4138+ | 33%7es | 3826+ | 2092 434 28500
P2XP4 (6) MP | 1281 0.52 2.647 4528+ | 5938+ | a4+ | e1sarr | 7194 3.90 16.59 *~
BP 1936 ** 191 6705 138+ | 2841+ | 4286+ | 6S01*r | 6830%s 885 1375+
P2XPS (7) MP | 808w 3 13,62 * A7 | 4570+ 937 9985+ | 1737+ 508 18,68 o+
BP 8387 ** 446+ 0763 2092+ | 1681 an 3939 *+ 6.5 1272 11.90 +»
PIXP4 (8) MP | 869 3.46 11.24* 059 28g7%n | (7080 1222 3237+ 1018+ 398
BE 1745 ** s117e 9,621 1BS1* | 1342 15.90 * 7.40 22.83 + 825 930 *+
PAXPS(9) MP | 12134 263 9.063 20,69 ** 169+ 30 0.83 £56 817 s
BP 14777 * 384 8.408 489 | 34500 15,68+ -470 77 A264* | 1656+
PAXPS() | MP 274 om 2.083 £64 786 1638 +¢ 1310 10.80 * 229 9.1
B.P 833+ 0.42 0.00 316 246 *» 211 11,63 2.99 1029+ | 708+
Oversll Mean | M.P 1764 0.849 417 1089 6.158 38.64 39,558 32207 6874 0.91
BP 9.038 0962 5388 1792 2227 2278 32713 23.069 13813 5,639

* ** Significant at 0.05 and 0,01 levels of probability, respectively,
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contnibute directly or indirectly to characteristics Attia (1998). Different
values of heterosis might be due to the genetic diversity of the parents with
non-allelic interactions, which increase or decrease the expression of
heterosis (Hayman 1957). Even in the absence of epistasis, multipie alleles
at a locus could lead to either positive or negative heterosis {Cress 1966).

Highly significant average heterotic effects expressed as percent
increase the F; hybrids over the average of the parents were found for
number of pods (70.82 %), seeds (69.96 %) and seed weight {71.94 %).
Useful heterosis over high parents was also exhibited for number of pods
(51.49 %), seeds (65.01 %) and seed weight (68.30 %). For seed index four
crosses exhibited significant heterosis over mid parents ranged from -20.62
% to 10.18 % and seven crosses over high parents ranged from —-28.03 % to
- 10.29 %. For number of seeds / pod some crosses exhibited highly
significant heterosis over mid parents ranged from ~3 98 % to 18.88 % and
high parents ranged from -17.05 % to 13.75 %. These results is in
agreement with those obtained by El — Hosary (1981) , El — Hosary (1983a),
Bakheit (1992) , Abo— El-Zahab ef al (1994) and Fl — Hady et al (1997) .

Combining ability

The significance of variances for both general (GCA) and specific
(8CA) combining ability and GCA/SCA ratio are presented in Table (2).
Mean squares of both estimates were highly significant (or significant) for
the studied traits except of GCA for number of pods and seeds/plant and
SCA for number of seeds/pod. The ratio of both estimates exceeded the
unity for flowering, maturity, plant height, first pod, branches, seed index
and seeds/pod. This indicated that most of the genetic variation among the
investigated genotypes for the mentioned traits appeared to be additive.
Thus, selection could be favored for improving these traits. However, low
GCA/SCA ratio (less than unity) for particularly number of pods, seeds and
seed weight/plant revealed the predominance of non-additive gene action in
these traits. Similar results were obtained by Khalil (196%), Mahmoud
(1977) Nassib (1982), Abo El-Zahab eral (1994 a &b), Helal (1997), El-
Hady et al (1998), Rabie (2001) and Attia et al (2002).

General combining ability estimates of the five parents for the
previous mentioned characters are given in Table (5). Concerning date of
flowering the parents 1 and 4 proved to be good combiners for flowering
date and had positive GCA effect. On the other hand three parents P2, P3
and PS5 showed negative response of GCA effect for this character. For
maturity date two parent revealed a negative GCA effect (P2 and P3) , but
the parent 4 proved a good combiner for giving maturity date. The parent P
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Table 5. Estimates of general combining ability effects (gi) of the parental genotypes in Fy's generation for seed yield and its components.

Date of Height of No.of No.of Secd Ne.of
P <09, “?:te of he‘l;::tm first pod, b hes No.;;l r:dﬂ' 2 welght/ Seed Index, ds/
flowering turity cm plant Pplant plant, g t pod
rn 2,77 ** 0.41 -4.90 » 1.09 037+ 0.09 0.78 545 &» 6.06 ** 2.06
n -1.51 ** 14" -1.54 -2.39 »» -0.35 033 3.56 -1.33 -4.66 ** 0.03
P3 -2.90 ** -LS4* 0.16 217 -0.27 -2.95 -1.51 0.7 -0.56 0.14 *
P4 2.49 *= 1.51+ 317 116 035+ -0.14 0.54 -0.30 -3.10 5,02
PS5 -0.85 1.03 227 2 -0.10 2.67 -3.37 -3.12 074 021 *+
Se gi 0.60 0.58 1.80 0.84 0.15 1.99 loz 170 1.3% 6.07
SE gi-gi 0.77 0.75 132 1.09 0.19 2.57 389 219 179 0.0%
*,** Significant at 0.05 and 0.01 levels af probability, reapectively.
Table 6. Estimates of specific combiming ability effects (Sif) of the puvental genotypes in Fr's generation for seed yleld and its components.
Date of Plant Helght of No.of No.of Seed No.of
Crosses so% | DSl ) peignt, | firstpod, | bramches N°;:£:‘"" seeds/ weight | Seed :“""'" seeds/
fowering ity cm cm plant plant plant, g pod
P1X P2 -2.86* -2.92 * 546 -4.09* -0.67 * 5.42 .68 2,14 -4.17 -0.24
PLXP3 -4.81 ** -S.11% -3.88 -5.57 #* -0.38 0.73 7.64 517 -1.31 G15
PIXP4 0.14 184 6.12 1.46 0.61 7.35 16.30 * 10,01 »* -4.25 -0.06
FXPS -1.52 -08.35 -0.06 -2.12 -0.21 12,38 ** 23,47 970+ BR5 4.06
P2XP3 -1.86 -1.30 -1.57 -1.69 .87 «* 559 13,89 * 846+ 0.09 0.04
PLX P4 - 476 -0.02 -6.41 -1.73 102 ** 538 2178 14,49 » -1.14 0.29
PIXPS 243 4.46** 9.65* -2.14 D88 «* -2.23 7.92 045 0.98 030 *
P3IX P4 281" 4.46** 972+ 035 0.44 ¢.49 -1.66 421 648 * 0.09
PIXPS 4.81 ** 1.94% 5.61 6.21 ** 0.02t -3.49 -125 627 -3.06 -0.10
P4XPS -1.24 -3 -2.55 -1.46 -0.66 417 -4.46 -2.38 -1.80 -0.19
S.E Sij 1.26 1.23 379 1.78 0.32 420 6.36 3.58 292 0,18
S.E Sij-8k1 1.73 1.69 518 2.44 0.43 575 8.71 4.90 4.00 09.20

* ** Significant at 0,05 and 0,01 levels of probability, respectively.




showed consistent positive GCA effects for number of branches, seed
weight/plant and seed index. Thus this stock proved the best potential stock
for improving studied traits except number of seeds/pod. However P3 could
be considered as source for improving number of seeds/pod.
Specific combining ability

Out of 10 crosses, three crosses (P2xP4, P3xP4 and P3xP5)
exhibited significant positive SCA effects for date of flowering, and three
crosses (P2xP5, P3xP4 and P3xP5) exhibited significant positive SCA
effects for date of maturity (Table 6). Two crosses (P2xP5 and P3xP4)
showed significant positive SCA effects for plant height and one cross
(P3xP5) for height of first pod. With respect number of branches/plant three
crosses (P2xP3, P2xP4 and P2xP5) showed significant positive SCA effects.
Only one cross (P1xP5) exhibited significant positive SCA effects for pods
, seeds and seed yield/plant. Three crosses (P1xP4, P2xP3 and P2xP4)
showed significant positive SCA effects for number of seeds and seed
weight/plant. Thus SCA for seed yield seemed to be influenced by SCA for
yield components. It is evident from the results that only some components
of yield are more important for yield expression. In the selection program,
however, adjustments as to the desired levels of each component may have
to be made in order to obtain the maximum seed yield. This appears logic,
because the components may compete for metabolic substrates produced by
the plant and conditions which favour the development of one component
could have an adverse effect on other components ( Abo El — Zahab ef af
1994, Abdalla er al 1999, 2001, Attia 1998 and Attia ef af 2002). Only one
cross (P3xP4) and one cross (P2xP5) showed significant positive SCA
effects for seed index and number of seeds/pod respectively.
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